Abstract. Flax oil has been used as mortar improving, hydrophobic, admixture already in ancient times. The paper describes the identification of flax oil in mosaic mortar from ca. 1900 by help of FTIR spectroscopy. This historic mortar was reproduced by nowadays raw materials and the influence of flax oil on consistency and air entraining of fresh mortar was tested. It was found that already small amount of oil caused significant air entrainment, which, simultaneously with water repellency action, may contribute to higher durability of mortar with oil admixture. The flux oil influenced also consistency of mortar; its presence caused higher flow value of mortar. Moreover, the introduction of the paper summarizes principal knowledge about action of natural admixtures in lime mortars and plasters on basis of current literature.
Introduction
Mortar, plaster or even concrete on basis of lime have been used for several thousand years and most likely will be used also in future [1] . The lime based binders offer important advantages -high accessibility of raw materials, simple production technology and consequently low production costs. On the other hand, lime has obviously numerous disadvantages. One has to distinguish air lime (containing predominantly CaO/MgO) or hydraulic lime. Air lime is obviously non-hydraulic binder, which has to be in contact with air to set and harden. Hydraulic lime is able to reach higher strength and better durability [2] ; it can be prepared by calcination of limestone with proper content of hydraulic oxides (NHL) or by mixing of lime with a pozzolanic additive (HL). All of these materials have been modified by numerous natural admixtures since ancient times in order to improve the binder performance -repellency to water, plasticity, rate of setting etc. [3] . Moreover, organic fibrous materials have been used as dispersed reinforcement reducing volume changes and increasing strength and integrity of material [4] . Nowadays, the application of synthetic organic admixtures (i.e. better defined, more effective, with higher stability) is dominant in engineering practice, nevertheless the studying of natural admixtures has an importance with respect to restoration works or possibly may contribute to higher sustainability of building structures.
The natural species used historically as lime admixtures can be classified, according to their chemical nature, to three groups: proteins, polysaccharides and triglycerides (glycerin esters of fatty acids, i.e. oils and fats,). Specifically, protein admixtures were caseins (curd, buttermilk, whey), collagens (animal glue) and egg proteins [5] . Animal glue was found to increase the mortar's strength significantly; the mechanism probably lies in refinement of pore system and reduction of total porosity [3] . Egg was used as plasticizer and setting retarder [6] ; egg white (optimum content 6% by lime) increased plasticity, strength and reduce water absorption [7] . Casein containing admixtures improve workability and strength; casein forms in lime environment calcium caseinate, which is insoluble and acts as binder [8, 9] . Animal blood can be also classified as protein admixture, even though its complex composition; it is significantly improving adherence of lime mortar and its durability due to reduction of water absorption and air-entraining effect [10] .
The ancient polysaccharide admixture is opuntia powder (or mucilage). It increases the rate of carbonation of lime, what obviously results to faster hardening of mortar [3] . Nowadays, derivatives of natural polysaccharides cellulose ethers, welan gum, diutan gum, guar gum, xanthan gum are widely used as Viscosity-enhancing admixtures, increasing viscosity, cohesion and stability of mortars [11] . Influence of starch on lime mortar was found to be dependent on its dosage; it acted as a thickener when the incorporated dosage was up to 0.30% of lime weight; conversely, above that dosage, it behaved as a plasticizer [12] .
Triglycerides admixtures are represented e.g. by olive oil; it reduced the porosity as well as pore size resulting to lower permeability of mortar [3] . Thanks to their structure, triglycerides are also acting as hydrophobic admixture. Linseed oil acted as absorption reducer (and durability enhancer), but without a large influence on pore system [13] . Nowadays, the fatty acids are used as water repellant admixtures in form of soaps (e.g. calcium stearate) [14] .
The present paper deals with influence of flax (linseed) oil on fresh state properties of lime based mortar. The direct motivation for this research lies in fact, that flax oil was identified in a sample of historical mosaic mortar; the flax oil identification is described as well.
Experimental
The initial material under study, inspiring the present experimental work, was a sample of mosaic mortar collected at Peluněk sepulcher, Malvazinky cemetery, Prague. It was built round 1900. The sample of mortar was characterized by XRD (PAnalytical Empyrean, Cu Kα source); the content of filler insoluble in acid (i.e. quartz and silicates) was determined by help of 1:3 HCl dissolution and filtration. The historic mortar was also examined by SEM (Zeiss Merlin). The oil admixture was identified by help of FTIR spectroscopy (Nicolet 6700) in extract of mortar (extraction 1:10 by chloroform).
The reproduced mosaic mortar was prepared on basis of analysis of the historical mortar from sepulcher. Lime hydrate was used as the principal binder (40%), as the filler were used three fractions: quartz 0-0.5 mm (30%) and 0.5-1 mm (10%) and milled limestone D8 (20%). The water/lime ratio was kept constant (0.87). The natural flax oil was dosed as admixture (0-10% by lime hydrate weight). The first step of mixing procedure [15] was homogenization of dry powders by help of electric mixer; than small amount of powder was mixed separately with oil and this paste was dispersed in the rest of dry powders. Finally the water was added. The consistency and entrained air content of mortar was measured by standard procedures (EN 1015-3 and 7) by help of flow table test and pressure type air content meter.
Results and discussion

Characterization of historic mortar:
The sample of historic mosaic mortar was examined by XRD (Fig. 1) . It revealed that the main phases are quartz and calcite; the used filler also introduced muscovite and albite to the mortar. Surprisingly, in sample of age of 120 years, also portlandite was found. Its presence was confirmed by thermal analysis as well. The results of thermal analysis also indicated, that the binder was closer to the air lime than to the hydraulic one, although EDX analysis indicated some Si and Al atoms dispersed in binder phase. The residuum after acid dissolution of the sample was 15%; this amount thus may be attributed to siliceous filler. Unfortunately, the amount of historic mortar sample was limited (ca 10 g) due to conservation of historic mosaic and thus this result cannot be assumed as fully representative; neither the granulometry of filler cannot be determined reasonably. Nevertheless, visually one can sate that the mortar does not contain particles larger than 1 mm (these would, obviously, make difficult the application of mosaic mortar). The SEM (and EDX) analysis shown, that besides siliceous filler, the mortar contains also calcite (marble) flour with size of particles in the range of a few of tenths microns (Fig. 2) .
The carbonate dissolution liberated not only the siliceous aggregates, but also an unknown organic substance forming a brownish greasy layer on the filter paper. In order to identify this substance, 5 g of mortar powder was extracted by chloroform (50 ml). The obtained extract was analyzed by FTIR spectroscopy (Fig. 3) . The spectrum was compared with nowadays flax stand oil. The group of three signals around 2900 cm −1 belongs to C=C groups; in this case in fatty acids. Flax oil triglycerides contain three unsaturated fatty acids -triply unsaturated α-linolenic acid, doubly unsaturated linoleic acid and monounsaturated oleic acid. The peak at 1758 cm −1 in reference stand oil corresponds to C=O in esters (i.e. triglycerides); the shift 1709 cm −1 in extract is due to decomposition of triglycerides to Ca-soaps of carboxylic acids and glycerol in basic environment of mortar. The peak at 1465 cm −1 belongs to -CH 2 -groups in acids, while the peaks in range 1000-1400 cm −1 are due to C-O bonds in glycerol. The FTIR results can be understood as proof that flux oil was used as admixture in historic mosaic mortar. The quantification of organic substance in mortar was attempted on base of mass balance of the extraction experiment; the result was ca. 6% what seems to be a lot and reasonability of such high dosage of flax oil must be checked in future experiments with reproduced mortars.
Influence of flax oil on fresh state properties of reproduced mortar was tested in wide range of oil dosing (0-10% by lime weight) (Fig. 4) . The consistency of reference mortar was 130 mm, what is less than 140-200 mm, what is range of "plastic mortar". In fact, the mortar is usually mixed for 160 mm consistency. Nevertheless, this initial (low) choice of mixing water amount was due to possibility to study the oil influence on consistency. The oil dosage generally increased the flow value, but even the very high dosage (10%) did not caused any unacceptable behavior of fresh mortar. The observed trend is opposite compared to publications [8, 15] where the reduced flow is explained by hydrophobicity of the oil and consequent low absorption of water to particles. In our opinion, this effect should on contrary increase the flow value (at constant water content), since the mixing water is less adsorbed by particles of lime and thus reduces more effectively the mortar stiffness.
The air content of reference mortar was ca. 2%, what is expectable value for lime mortar. Already 0.5% of flax oil doubled the air content, while the further increasing doses did not have such significant effect and the value remained around 4-5%. As the air entraining admixtures are conventionally used various surfactants [16] , nevertheless also oils are able to increase the air content and slump of concrete [17] . The content of entrained air in a binder is closely related to the viscosity -higher air content means lower viscosity [18] , i.e. higher result of flow table test, as it was indicated by the present results.
Conclusions
Flax oil admixture was identified by FTIR spectroscopy in the sample of historic mortar from Peluněk sepulcher, built around 1900 in Prague Malvazinky cemetery. The composition of this historic mortar was reproduced; the effect of wide range of dosing of flax oil on fresh state properties of mortar was tested experimentally. The oil admixture caused increase of flow value as well as entrained air content. These findings are in agreement with results published on behavior of oil in concrete. Moreover the oil is inducing hydrophobic behavior of the mortar. The higher air content and hydrophobicity of mortar are supposed to be responsible for the improved durability of flax oil mortars reported in literature. 
